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The  objectives  of  this  r-esearch  contract  are  to  equip  a laboratoiy 
for  sagpetic  cMiasureaients  in  rery  intense  magnetic  fields » to  devisa  a ne^ 
technique  for  the  msasurestsnt  of  volume  aagsetoatriefiion  using  i'esistance 
strain  gauges,  and.  to  make  aeasureoents  of  this  quantity  on  various  ferrogtagnetie 
£stals  and  alloys*  To  date,  the  first  tvo  objectives  hare  been  wssentlally 
c^pleteda  The  success  of  the  method  %ihich  wc  have  developed  suggests  that  a 
great  deal  of  interesting  Inforsation  will  be  obtained  on  the  nature  of  the 
ferromagnetic  interacticr.  as  eoan  ea  further  sisasui'iaaents  are  mads  on  the 
various  alloys  under  investigation.  This  phase  of  the  task  order  has  already 
been  initiated,  and  vv  have  prelininary  results. 

lo  The  Haenetic  Laboratory.  In  the  spring  of  1951,  a lir^ 
elc6trom«ignet  that  had  been  purchased  by  Carnegie  Institute  froa  the  ki-thar  D. 
Little  Company  delivered.  The  major  portion  of  the  year  1951  spent 
getting  the  Dag:iet  and  laboratory  into  Dparatloa.  Control  equipment  for  the 
magnet  vas  designed  ar.d  built  tdth  funds  made  available  by  0^iE  ux^ier  this 
contract. The  control  cquipnent  Is  described  in  sojae  detail  in  an  Appendix 
attached  to  this  report.  Some  difficulties  have  been  experienced  in  the 
operation  of  the  magnet  and  the  control  equlpoksnt.  The  fonssr  is  a result 
of  faul.ty  design  by  the  manufacturer;  the  latter, la  consequence  of  the  difficulty 
of  prov;ldlng  a unit  which  would  aadee  possible  stability  at  ail  fields  as  well 
as  continuous  control  of  the  field  current . Seas  minor  mcdlfications  are 
coiitKopljited  but  on  the  whole  the  laboratory  is  in  satisfactory  operation  a'.Td 


being  used  s sKxlKtm  number  of  tiotirs  oa  th#  Ts^rloua  ONR  9poneor«<i  prognuaSc 

2, Method  for  Measuraagnfc  of  Voltage  Magnetostrietion.  Tfco  ^thod 

which  vs  ham>  de?is<fd  for  the  mtaeurcaient  of  the  voluse  nsagnstoetriotion  has 

been  perfect^id.  Bj  use  of  resistance  strain  gauges  iix>unted  In  each  of  the  three 

prlnci^3al  dii'cctions  of  a reetastgular  parallellpiped  and  b^  connecting  the 

three  gauges  in  series  In  one  arc  of  an  extretaely  sensitive  Vneatstone  Bridge, 

it  is  possible  to  simplify  considerably  the  measuring  technique  and  improve 

the  acetiraey  to  an  appreciable  extent  <>  The  principal  difficulty  has  been  to 

maintain  the  temperature  constant  during  a measurement  since  a vezy  small  change 

in  temperature  is  equivalent  to  a volume  change  larger  than  that  which  we  seek 

to  aea8iu*e.  The  advantages  of  the  method  are  as  follows:  (a.)  By  using  a 

DC  amplifier  as  the  detecting  alecsent  in  the  bridge,  very  great  sensitivity 

leay  be  obtained » (b«)  The  method  is  electrical  so  that  a eontinuoiu)  record 

of  the  changes  in  rasistance  of  the  active  gauges  can  be  obtined.  In  this  way, 

we  can  be  cartaln  of  measuring  equilibrius  properties  and  mlnlurlgliig  en^rs 

due  to  themal  drift  or  expansion  due  to  magnetocslorle  effects  (c)  The  high 

sensitivity  of  the  method  makes  possible  measurements  as  a function  of  field 

and  simultnnfKrus  elimination  of  effects  due  to  longitudinal  magnetostriction 

(d.)  Usi.ns  a special  technique  >4:ich  we  have  devised  and  which  will  bs  doseribed 

in  more  thorough  detail  at  n 3ater  date,  we  can  make  measuss^nts  while  the  sample 
* 

under  consideration  is  psia  of  a continuous  ma^ietic  circuit.  This  eluinates 
completoly  errors  duo  to  fora  effect  Wileh  arise  when  there  «ure  poles  present 
at  the  extremities  of  the  sample  and  which  in  all  other  methods  of  measurement 
have  tc  be  corrected  forvAt  the  same  time  this  makes  possible  a mere  rapid 
approach  to  tbemal  equilibrium  than  is  possible  with  a liquid  dilatocetero 
3 ^teasurasMints  gn  Ferromagnetic  Metals  and  Alloys.  Accurate 
measunasnts  have  already  been  made  on  a samp}.*  of  pure  nickel,  V:«  have  made 


thesa  oaasurmsnts  as  s function  of  field  ond  agreenent  vdth  the  only  svallatle 
data  at  the  one  value  of  field  which  the  early  investigators  emp>loyed  is  good« 
Measurei&ertts  on  this  saniple  are  continuing  in  an  endeavor  to  cover  a wider  range 
of  fields  and  temperatures.  Ve  have  taken  steps  to  obtain  other  metals  and 
alloTs  on  >^lch  we  hope  to  make  measurements.  In  addition  to  the  teoasuresents 
on  iron„  hexagonal  cobalt  and  face-centerod  cobalt,  we  contonplate  measurements 
on  a nickel-oanganese  alley,  Heusler  alloy  and  Gadolinium. 

4.  Kiaceilaneous  Activities.  Meaauremsnts  have  continued  on  the 
study  of  the  single  crystal  magnetostriction  ttonstanis  of  iron-^balt  alloys. 
For  the  region  in  CCTiposition  where  no  single  ejystals  are  available,  have 
been  employing  a technique  suggested  by  Sates  of  obtaining  the  single  crystal 
data  from  measurements  on  polycrystalline  materials 0 Miss  Helen  N.  A.  Urciuhart 
has  been  working  on  this  problem.  She  has  been  supported  by  an  AUeghst<y''> 
fellowship  but  has  availed  herself  of  the  facilities  made  available  by  this 
contract.  In  connection  with  her  thesis,  she  has  also  been  investigating 
dlpole-^pole  interactions  in  antiferromagnetic  lattices  and  the  pcseibility 
of  an  antiferroisagnetostrictlon.  This  has  necessitated  the  inveatlgstl.on  of 
the  potentialities  of  strain  gauges  at  low  temperatures. 

DTo  K.  Atumi  of  Tokyo  is  now  with  us  for  a year  as  a visit jjig 
physicist  and  will  Investigate  the  tenperature  dependence  of  the  Icngltudinal 
and  volume  magnetostriction  in  single  crystals  of  copper-nickel  alloys  in  >Aiich 
the  Curie  temperature  has  been  depressed  so  that  It  Is  close  to  rocaa  temperature . 

Vie  have  had  the  benefit  of  the  ^wnsuJ.tationa  vdth  several  of  the 
distinguished  European  visitors  who  cam«  to  this  country  in  connection  vdth  the 
ONR  sponsored  Conference  on  Magnetism  held  at  the  University  of  Maryland  in 
September.  In  particular  Professors  Bates,  Stoner  and  ‘Hjcksmith  visited  the 
laboratory. 

The  vrrtter,,  vdth  support  from  this  contract,  contributed  to  the 


- - 

organlMtlon  of  the  program  for  this  conferoncs*  autborod  a paper  preaented 
there » and  helped  to  edit  the  prooeodin^  f cr  publlcailoa. 

5°  Pei^nnel?  follcedjng  people  hare  contrihuted  in  sose 

rseasure  to  the  woric  aupportad  by  this  contract  as  full,  part-time  or  susoer 
employees: 


Helen  M.A«  Urquhart  (Graduate  Assistant,  part-tim) 

E.  Anollk^  (Graduate  Asalatant,  full  tiias  to  August, 1951) 
C..  Peters,  (Laboratory  Assistant) 

H.  Lefke  (Machinist,  part-tima) 

Bitler  (Graduate  Assistant,  aumaier) 

Margaret  Schaeffer  (Secretary,  part-tlaie) 

He  Kclnshanker  (Graduate  Assistant) 


Baspectfully  subaitted, 


Has 
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Tho  curwht  control  eysteie  for  the  new  ADL  magnet  hs,«  been  coanlsted 
and  test  runs  on  stsbllity  and  reproducibility  obtalrted„  An  additional  unit  ha* 
been  added  to  the  etartlng  systea  to  avoid  heavy  overloads  of  the  sotor  windings 
during  startings  A brldf  description  of  the  oa^et  oirrent  regulating  eystea 
is  in^uded  in  this  report,  the  details  will  be  presented  at  a later  date. 

The  ADL  magnet  Is  powered  by  a 135  KW,  24  KV  Allis  Chalasrs  get^erator 
with  a separately  excited  field.  Current  control  is  obtained  fhom  the  .closed 
loop  servo  system  shown  in  the  accoK^xunying  block  diagran(Fig.I) . heart 
of  the  control  unit  le  tlwi  alj^ial  resistor  (Leeds  and  Morthisip  shunt 
.500  amp)  i!4iich  is  placed  in  series  with  the  magnet.  The  voltage  across  R«» 
proportional  to  the  total  nagnet  current,  is  compared  with  ths  voltage  proceed 
in  the  field  control  box.  The  difference  between  these  two  voltages  (the  error 
signal)  is  fed  to  the  reoote  controls  for  proper  polarity  as^d  is  then  supplied 
to  the  DC  breaker  amplif ieiv  Here  the  signal  is  converted  to  A.C.,  amplified 
(10”)  and  rectified  with  the  proper  polarity  and  phase.  The  pulsating  D.C. 
output  (TOd'^  Is  fed  thru  a basing  battery  to  the  grids  of  a large  bank 
of  1625  beam  power  petitodos  (96  tubes  In  parallel) . These  tubes,  operated  so 
that,  mraaitic  Qsclllationa  arc  su^nressed,  funtleh  the  current  for  t'ne  generator 
excitation  field  thru  the  remotely  eoatrolled  polarity  switch  which, in  tom, 
causes  the  generator  output  current  to  vary  in  stteh  a way  that  the  voltage 
across  S.  is  exactly  equal  to  a given  preselected  value  chosen  from  the  field 
control  box.  The  naxlmua  tube  current  of  12  aape  is  siUTficieot  to  produce  maxlRum 
output  of  the  generator  > Hunting  is  prevented  by  a feedbadc  voltage  from  the 
generator  via  the  recoote  controls  (for  polarity)  to  the  amplifier. 

For  protection  of  these  tubes,  a safety  circuit  included  to 
limit  the  maximum  grid  voltage  in  case  of  failure  of  any  part  of  the  system. 

The  bias  battety  &2  fixsn  the  grid  vollvage  for  low  power  operation  when  the 
safety  oirouit  locks  out  because  of  an  overload.  T^  coobod  for  the  appropriate 
circuits  Is  placed  at  -1107  DC,  so  that  the  available  DC  power  could  be  utilised 
for  the  1625  tube  bank  resulting  in  considerable  cconow  for  plate,  screen  and 
filament  power  supplies.  The  r«Naote  controls  and  field  control  are  grouped 
together  near  a laboratory  bench  so  that  the  operator  may  readily  e«ttrol  the 
magnet  while  making  measurements  during  an  experiment. 

Test  results,  obtained  by  connecting  a portable  Rubicon  potentio- 
Bster  across  a 1200  amp,  IQQsr  shunt  in  series  with  ths  oagnet;  anc  using  a 
single  feedback  system  gave  the  following  results  for  the  current  variations 
In  the  Tiagnet: 

a)  Reproducible  currents  tc  1 part  in  2000  or  better  with  higher 
reproducibility  at  higher  powers. 

b)  fCaxlsuBs  Var5.atlons  of  current  lasc  than  1 pert  in  2000  crer 
entire  rarge  of  currents. 

c)  Using  a Rftwson  Rotating  ceil  flux  meter,  meesureisents  were 
taken  of  the  magnetic  field  at  the  various  pcw»r  levels*  'With 
proper  «^cling,  the  fields  were  reproducible  as  closely  as 
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cotild  ho  »«ad  on  tha  saeter  (three  places)  o Pui'thsj’  teets  will 
be  run  when  ? raoton  resc*nRncc  probe  Is  available.. 

Note  that  the  above  teste  were  wade  with  currents  ur  to  260  aape  ccrresrondisut 
to  a power  of  about  35 


Where  higher  stability  is  desired,  there  are  severed,  methods  which 
can  be  used  at  a sacrifice  of  ease  of  operation  and  versatili.ty.  The  shunt, 

R^,  may  be  ch2mged  depending  on  the  cxxrrent  required  so  tiuib  a uaxlmuz;  signad 
voltage  is  obtained  in  each  range.  By  this  means  a factor  of  about  10  sensi^ 
tivity  can  he  obtained.  Of  course,  for  low  powers,  a further  modification 
would  be  to  place  Eg  in  an  oil  bath  at  constant  temperature.  Since  induct- 
ance of  the  magnet  varies  considerable  over  the  operating  range,  a number  of 
different  feed^ck  networks  maxLaiiaed  ov'tr  a limited  power  rangn  could  be  used 
to  deereaec  the  ss^sIbuk  variation  of  cur.  vnt  in  the  magnet.  Finallji  several 
mstheds  of  using  the  oognetic  field  to  fuz‘nish  a signal  for  oontrol  can  be  used. 
This  could  be  applied  to  the  generator  or  to  the  special,  control  colls  (a  set 
of  high  i>esi8tane«,  low  current  coils  included  in  the  yoke  asse&d>ly)  by  means 
of  appropriate  amplifying  and  feedback  systems . Ths  above  mcdlflctxtlons  all 
have  certain  advantages  >Sier.  operating  over  a limited  powip  r»ng9  o.r  at  a fi^sd 
field;  however,  the  complexity  and  lack  of  flexibility  of  such  systems  $»vs 
limited  their  use.  Sufficient  lattitxtde  is  allowed  in  the  design,  that  if  a 
special  prollsm  arises  x^tieb  has  more  stringent  requireirants,  all  above 
■odlfioaticns  may  be  included  if  desirable.  Hr.  S.  Poaer  who  was  supported 
on  another  OKH  contract,  assisted  in  designing  and  building  the  control  equipment. 
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BUXK  OUGRAM-AOL  MAGNET  CURRENT  CONTROL 

RmN  hdoctor  cv!d 
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Nclt  h R«nott  controli  includt 

(o)  3 DPOT  Switches  gauged  to  contioi  potority  of  genwotor 
€B(atatton  Ml,  ery  dgnol,  feedback,  and  gweretor 
voitoge  output  WNlicotor. 

(b)  Remote  overtood  mdiootor. 

(c)  Emengenqf  Mop  twitch. 

Note 2*  Common  it  110 V DC. 

Note  3*  Ninety'tix  1623  tubes  in  poroHei . 


Fig^  M— I 


